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fflGH RESOLUTION ATOM PROBE 

Inventor: Tye Travis Gribb 

Cross-Reference to Related Applications 

This application claims priority under 35 USC §119(e) to U.S. Provisional Patent 
Application 60/476,348 filed 6 June 2003, the entirety of which is incorporated by 
reference herein. 

Field of the Invention 

This document concerns an invention relating generally to the field of atom probe 
microscopy. 

Background of the Invention 

The three-dimensional atom probe (3DAP), also known as a position-sensitive 
atom probe (POSAP), is a device which allows specimens to be analyzed on an atomic 
level. Typical atom probes operate by (usually positively) ionizing and extracting atoms 
from a specimen's surface. BIG, 1 presets a schematic view of an exemplary atom 
probe of a more recent type, wherein the locations and identities of the component atoms 
of a specime^i 10 are determined by situatmg the specimen 10 opposite a position-sensitive 
detector 100 (generally a microchannel plate and delay line anode). A local electrode 102 
is then situated between the specimen 10 and detector 100. The specimen 10 is generally 
charged to some datum potential Vs (generally a positive voltage between 500 and 20,000 
V), and the local electrode 102 is held to some attractive potential Vie. Where the datum 
potential Vs is positive, the local electrode 102 is often set to ground (0 V), The detector 
100 is also charged to a potential Vd which is attractive with respect to Vs. As a result, 
the atoms of the specimen 10 are attracted towards the local electrode 102 and detector 
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100 in accordance with their proximity fmm the local electrode 100 and detector 100 
(i.e., atoms of the specimen 10 which are closer to the local dectrode 100 are more 
strongly attracted). However, the magnitude of Vs-Vle - i.e. , the attractive force exerted 
between the local electrode 102 and the specimen 10 - is held at some fraction of the 
value necessary to ionize atoms of the specimen 10. 

When it is then desired to ionize atoms, an additional attractive potential - an 
"over-voltage" Vo - is then momentarily appUed to the local electrode 102, usually in 
brief pulses, so that the total appUed potential Vs - (Vie + Vo) will induce atoms to 
"evaporate" from the specimen 10, ideaUy with a single atom (ion) of the specimen 10 
leaving the specimen 10 each time an over-voltage pulse is applied. Additionally or 
alternatively, momentary heating of the specimen 10 (as with a laser) can be used to 
induce ion evaporation. The evaporated ions are accelerated towards the local electrode 
102 to pass through an aperture defined therein, and then impinge upon the detector 100. 
Under ordinary test conditions, the evaporated ions firom the specimen 10 project onto 
the detector 100 at positions correlated with their original locations on the specimen 10, 
and thus the detector 100 provides data regarding the original position of the ions on the 
specimen 10. AdditionaUy, ion times of flight (as measured between appUcation of the 
over-voltage pulse Vo and detector impingement) provide information i^arding ion 
masses, and thus their identities. Thus, repeated overvoltage pulsing allows a three- 
dimensional m^ of the locations and identities of the atoms of the specimen 10 to be 
constructed. Further general information may be found, for example, in U.S. Patent 
5,440,124; U.S. Patent 5,061,850; IntemationalPubUcation WO 99/14793; and Kelly 
et ah, Ultramicroscopy 62:29-42 (1996). 

One performance limitation of atom probes is their abiHty to distinguish between 
ions of nearly similar masses. This property, known as mass resolution, limits the abiUty 
to accurately idaitify ions from the specimen, and leads to uncertainty or eirors in the 
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compositional analysis provided by atom probes. Mass resolution limitations are a 
consequence of the probabilistic nature of ionization: the precise moment at which 
ionization occurs during an overvoltage pulse Vo can vary slightly between pulses, and 
thus there are limitations in precisely determining the time of evaporation. Additionally, 
owing to practical Umitations and expense, pulsing systems for applying the overvoltage 
pulse Vo tend to apply a pulse wherein flie ampUtude of Vo is not constant over the 
duration of the pulse, and thus the exact escape potential (and thus velocity and time of 
flight) of an evaporated ion wiU vary. While these limitations are expected to diminish 
as flie available pulsing electronics grow in quaUty (and decrease in expense), they 
nonetheless pose difficulties given the state of the art as of the year 2003. Several 
strategies have been employed in atom probes to increase mass resolution, and one 
strategy (noted in some of the foregoing references) is to situate an intermediate electrode 
104 closely adjacent to the local electrode 102, and between the local electrode 102 and 
the detector 100, and to hold it at some constant attractive potential Vi whereby the 
velocity of evaporated ions will (at least to some extent) be decoupled from the 
overvoltage pulse Vo used to induce evaporation. One strategy is to hold Vi at the same 
potential as Vie, thereby decelerating ions by the amount equivalent to Vo fh)m which 
the velocity vatiationoriginates. Alternatively, an accelerating (more attractive) potential 
can be appHed to Vi, increasing the overaU velocity of the ions so that the variation in Vo 
becomes relatively smaller. 

Another limitation of atom probes relates to the time and expense of testing, 
particularly in the time and expense of preparing specimens for analysis. Initially, the 
specimens being analyzed must generally be carefuUy prepared by removing portions of 
the specimen around die area of interest for study, so that die area of interest is at the tip 
of a needle-shaped specimen (typically less than 100 nm in diameter). The needle shape 
creates the large electric field conducive for ionization, allowing the atom probe to 
operate over a more convenient voltage range (and/or aUowing use of less complex 
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thermal pulsing systems). Additionally, since the ions ftom the needle project onto the 
detector (and generally "spread" onto the detector in accordance with their relative 
positions along the axis of the specimen and local electrode), the needle shape assists in 
attaining atomic-scale resolution in position data for detected ions. However, preparation 
of specimens - forming their areas of interest at the tips of needles - can be time- 
consuming and expensive, and can also be difficult where specimens are brittle or 
otherwise difficult to shape (as is often the case with semiconductor wafer-derived 
spedunens). 

Additionally, since the atom probe must be located in a vacuum chamber (and the 
specimen must be cryogenicaUy cooled) for optimal operation, specimen processing can 
be slowed by the need to load and purge the chamber, and to achieve the desired degree 
of specimen cooling, before testing each specimen. The "warm-up" time between 
specimens can be reduced by situating multiple specimens within the chamber at the same 
time (or by forming multiple microtips in a specimen), and then lateraUy repositioning 
the specimen with respect to the local electrode (or vice versa) so that several microtips 
can be analyzed in sequence without the need for intermediate load/purge/cool steps. 
However, there is still room for improvement in the speed of specimen throughput. 

To compound the foregoing problems, spedmais are often tested only to find that 
the collected data is incomplete, e.g. , the data does not fiiUy represent the regions of the 
specimen of particular interest. As an example, the atom probe may not have been run 
for long enough that data is collected from the desired depth within the specimen. Data 
may also be incomplete because a desired feature may rest partiaUy or wholly outside of 
the field of view of the atom probe, because the ions from the feature had flight paths 
which did not impinge upon the detector. It is also possible that data from the desired 
feature may not be coUected at the desired magnification: the detector has a limit to how 
accurately the location of ion impingement may be measured, and thus insuffidrait spread 
in ion flight paths may tax the sensitivity of the detector, resulting in "coarse" positional 
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data. To iUustrate some of these shortcomings, referring to FIG. 1, the detector 100 is 
spaced from the local electrode 102 at such a distance that acceptable time-of-flight 
readings can be made (i.e., so that the desired degree of mass resolution is obtained). 
Since there are practical limitations on the size of the detector 100 (with larger ones 
generally being on the order of about 100 mm in diameter as of the year 2003), the 
detector 100 is generaUy sized such that it only rests within a portion B of the cone of 
evaporated ions flying from the specimen 10 (this cone of ions bang designated by the 
reference character A). Since the detector 100 essentially captures a projection of the 
specimen 10, the portion of the flight cone A intersecting the detector 100 (i.e., flight 
cone B) defines the field of view captured by the detector 100: as the detector 100 
receives more of the flight cone A, the detector 100 wiU image a greater amount of the 
specimen 10. If the detector 100 is then positioned at lOOA, more distantly from the 
local electrode 102, it intersects even less of the flight cone A - it receives flight cone C, 
a subset of the ions of flight cone A - and the field of view is decreased. However, 
situating the detector at lOOA wiU yield greater magnification, since the ions, when 
reaching lOOA, have greater spread. Additionally, there is some gain in mass resolution 
(and thus ion identification) owing to the sUghtly longer time of flight. The more distant 
detector lOOA will also provide a greater d^th of analysis within the specimen 10, 
assuming that a set numbw of ions wiU be collected (since detection of some set number 
of atoms, e.g., 10* atoms, fiiom a smaller area on the specimen 10 necessarily requires 
collection more deeply within the specimen 10 if the requested number of atoms are to 
be obtained). The various tradeoffs involved with varying the spacing between the 
detector 100 and specimen 10 may be summarized as foUows: 
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The end result of the foregoing problems is that an experimenter may undergo the 
time-consuming st^s of specimen preparation, atom probe warm-up, and data collection 
only to find that the data collected has Uttle value: the desired feature is not within the 
field of view, or has insufficient magnification, or is not sampled to the desired depth, 
etc. This is particularly problematic where the specimen(s) are rare, expensive, or one- 
of-a-kind: there may not be a second chance to obtain the desired data. 

In view of the foregoing issues, it would be useful to have methods and 
arrangements available which more readily allow the accurate coUection of desired data 
fix)m atom probe specimens with little or no increase in the burdens of specimen 
preparation, probe warm-up, and data collection/analysis. 



Summary of the Invention 

The invention involves an atom probe which is intended to at least partially solve 
the aforementioned problems. To give the reader a basic understanding of some of the 
advantageous features of tiie invention, foUowing is a brief summary of preferred versions 
of the atom probe. As this is merdy a summary, it should be understood that more 
details regarding the preferred versions may be found in the Detailed Description set forth 
elsewhere in tiiis document The claims set forth at the end of this document then define 
the various versions of tiie invention in which exclusive rights axe secured. 

In preferred versions of the invention, an atom probe includes a specimen mount 
whereupon a specimen to be analyzed may be situated, wherein tiie spedmen mount is 
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Charged to a datum potential. A detector is spaced fix)m the specimen mount, wherein 
the detector bears an attractive potential with respect to the datum potential whereby any 
ions from a spedmrai on the spedmen mount are attracted toward the detector. A local 
electrode is then situated between the specimen mount and detector, with the local 
electrode also bearing an attractive potential with respect to the datum potential whereby 
any ions from a specimen on the specimen mount are attracted toward the local electrode. 
Preferably, at least one of the spedmai mount and the detector are movable to adjust the 
distance between the specimen mount and the detector, whereby the field of view, 
magnification, and effective sample depth of imaged specimens may be adjusted (and the 
time of flight of the specimen's ions may be adjusted, thereby adjusting the mass 
resolution at which these ions may be discerned). 

An intermediate electrode is then situated between the local electrode and the 
detector along the ion flight path between the specimen mount and the detector. This 
intermediate electrode may serve as a focusing electrode which assists in adjusting field 
of view and magnification, and/or as a filtering electrode which helps eUminate spurious 
ions and thereby assists in image data quality. When the intermediate electrode serves 
as a focusing electrode (as depicted by the focusing electrode 206 in BIG. 2 and the 
focusing electrode 4X2 in FIG. 4), its potential is adjusted about the potential of the local 
electrode (prefaably to a potential between that of the local electrode and the detector), 
whereby the flight path of ions traveling adjacent the first intermediate electrode and 
between the local electrode and the detector may be adjusted; for example, with reference 
to FIG. 2, the flight cone may be adjusted from A to the narrower flight cone B, or to 
the wider flight cone C). As exemplified by the focusing intermediate electrode 412 in 
BIG. 4, the focusing electrode is preferably also rq)ositiQnable along the ion flight path 
between the specimen mount and the detector, and it preferably has a tubular 
configuration with an interior length oriented along the ion flight path between the 
specimen mount and the detector, whereby ions traveling from any specimen on the 
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specimen mount to the detector travel through the interior length of the intermediate 
electrode. 

When the intermediate electrode serves as a fUtering electrode (as exemplified by 
the filtering electrode 305 in IIG. 3 and the filtering electrode 408 in FIG. 4), it is 
preferably charged to a filtering potential which is between the datum potential and the 
potential of the local electrode, but closer to the datum potential than to the potential of 
the local electrode (i. e. , it has a filtering potential close to the potential of the specimen). 
This filtering potential may be intermittently appUed to the filtering intermediate 
electrode, as by timing it in accordance with the overvoltage pulses applied to the local 
electrode. As d^icted by th^ filtering electrode 408 in BIG. 4, it is also usefiil to have 
the filtering electrode i^sitionable between the spedmen mount and the detector, since 
both its charge and location wiU have an eflSsct on filtration of unwanted ions. It can also 
be useful to provide radiating members (depicted at 410 in FIG. 4) which extend across 
the interior of the filtering intermediate electrode, e.g., members formed in a grid/mesh 
(or other configuration having a large amount of free space for ion flight), so that the 
filtering electric field emitted by the filtering electrode remains relatively uniform across 
its aperture. 

Aparticularly preferred arrangementis as depicted in FIG. 4, wherein at least two 
intermediate electrodes are provided between the local electrode and the detector, wherein 
at least one serves as a filtering electrode and at least one serves as a focusing electrode. 
As exempUfied in FIG. 4, a focusing intermediate electrode 412 may be provided 
between a filtering intermediate electrode 408 and the detector 404, wherein the focusing 
intermediate electrode 412 is charged to a potential between that of the filtering electrode 
408 and the detector 404. The intermediate electrodes may be formed in such a manner 
that one may be received within the interior of the other, and by making either or both 
of the electrodes movable along the flight path, the relative positions of the dectrodes can 
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be readUy adapted to provide a variety of focusing and filtering effects (and if desired, 
the electrodes can be interfit and can cooperate to effectively serve as a single electrode). 

Further advantages, features, and objects of the invention wiU be apparent from 
the following detailed description of the invention in conjunction with the associated 
drawings. 

Brief Description of tiie Drawings 

FIG. 1 is a schematic diagram of a conventional atom probe shown in conjunction 
with an analysis specimen 10, and with the detector of the atom probe iUustrated at 
different locations 100 and lOOA. 

FIG. 2 is a schematic diagram of an exemplary atom probe 200 implementing 
preferred features of the invention, wherein a tubular intermediate electrode 206 and a 
repositionable detector 202 are used to modify ion flight paths between flight cones A, 
B, and C (and thus modify the atom probe's field of view, magnification, sample depth, 
etc.). 

FIG. 3 is a schematic diagram of another exemplary atom probe 300 wherein the 
intermediate electrode 306 serves as a filtering intermediate electrode for reducing 
spurious d^ector readings. 

FIG. 4 is a schematic diagram of another exemplary atom probe 400 incorporating 
both a filtering intermediate electrode 408 and a flight path modification intermediate 
electrode 412 for adjusting field of view (and thus magnification, sample depth, etc.). 
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Detailed Description of Preferred Versions of the Invention 

Referring to FIG. 2, an atom probe exemplifying certain preferred features of the 
invention is designated generaUy by the reference numeral 200. A specimen 10 is situated 
on a specimen mount 12, which is charged to a datum potential Vs. A detector 202 is 
spaced from the specimen 10, and as in prior arrangements, an attractive potential 
gradient is maintained between the specimen 10, a local electrode 204, and the detector 
202: suifwe atoms on the specimen 10 are ionized by the electric field at the specimen 
surface as a result of the momentarily appKed potential (equal to Vs-(Vle+Vo)), and 
accelerated towards the local dectrode 204 and the detector 202. 

The detector 202 is situated on a positioning stage 204 which aUows the detector 
202 to be repositioned at least along the axis of the flight cone A wherein evaporated ions 
travel from the specimen 10 when overvoltage pulses Vo are applied to the local electrode 
204. Such a positioning stage 204 may take the form of virtually any type of actuator 
capable of operating within the chamber of the atom probe 200 (or any form of actuator 
capable of r^ositioning the detector 202 from outside the chamba- via a connecting 
linkage). Ideally, the positioning stage aUows variation of the distance between the 
specimen and detector by at least 30%, and itis particularly preferred that the specimen- 
detector distance be variable to allow a flight path between 40-150 mm. 

An intermediate electrode 206. preferably having a tabular form with an elongated 
interior passage oriented concentrically along the axis of the flight cone A, is then situated 
between thelocalelectrode204andthedetector202. The intermediate electrode 206 also 
bears an attractive potential Vi with respect to the specimen 10. If the potential Vi of flie 
intermediate electrode 206 is set equal to the potential of the local electrode Vie, the ions 
witijin the flight cone wiU experience a modest deceleration (corresponding to Vo) when 
traveling between tiie local electrode 204 and ttie int^ediate electrode 206, and the 
flight cone A should be largely unaltered. However, witii ^propriate tailoring of the 
potential Vi applied to the intermediate electrode 206 - as by varying it significantiy 
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above or below the potential Vie of the local electrode 204 - the shape of the flight cone 
A may be altered to modify the effective field of view captured by the detector 202. If 
the attractive potential of the intermediate electrode 206 is increased by some potential 
Vx, ions within the flight cone A will be accelerated as they travel between the local and 
intermediate elechrodes 204 and 206, resulting in an effective narrowing of the flight cone 
(exemplified by flight cone B) as the forward velocity component of flie ions (thdr 
velocity towards the detector 202) is increased in comparison to their lateral/radial 
component of velocity (their velocity outwardly ftom the axis of the flight cone A). This 
results in an effective increase in the field of view captured by the detector 202 (assuming 
its position remains constant), with a corresponding reduction in magnification, and in 
flie dq>tii/volume of the specimen 10 being sampled (assuming tiiat a constant number of 
ions/atoms are coUected). Conversely, if the attractive force is decreased by some 
potential Vx (i.e., if Vi is positive relative to Vie), the evaporated ions will be 
decelerated, and tiie angle of the flight cone A will increase as the forward velocity 
component of tiie ions is decreased in comparison to tiieir lateral/radial component of 
velocity (resulting in a flight cone exemplified by flight cone C). As tiie flight cone 
spreads, so does the projection of the specimen 10 on the detector 202, and tiius tiie field 
of view is decreased (assuming that the detector 202 is maintained in tiie same position). 

The foregoing arrangement flierefore allows modification in flie field of view 
captured by tiie detector 202 (and flius in magnification and sampling depfli). Further 
abiUty to. modify field of view is allowed by additionally providing tiie detector 202 on 
flie positioning stage 204, since decreasing tiie distance between tiie detector 202 and flie 
local electi-ode 204 wiU increase field of view (and conversely, more distant spacing 
decreases field of view). The arrangement flierefore allows flie detector 202 to be 
distanced to such a degree tiiat time of flight (and tiius mass resolution) are acceptable, 
wifli such distancing providing flie desired field of view in conjunction witfi flie action of 
the intermediate electrode 206. 
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Modification of the flight cone fix)m the typical (unmodified) conical shape A to 
a modified shape (such as B or C) win require additional analysis of the data generated 
by the detector 202 in order tb properly correlate ion impingement with its location and 
identity on the specimen 10; whereas the flight cone A results in a feirly straightforward 
projection of the specimen 10 onto the detector 100, the modified flight cones B and C 
would, if interpreted in the same way, provide a distorted inteipretation of tiie specimen 
10. Stated differentiy, when the flight cone is modified, the ion impingements on the 
detector 202 require compensation for Uie curvature in thdr paths if they are to be 
properly corrdated wifli thdr presence on tiie specimen 10. Data correction may be 
affected by applying one (and preferably a combination) of the foUowing methodologies. 

First, principles of electrostatics may be used to numerically model the flight path 
modifications introduced by the intermediate electrode 206, and aUow compensation for 
any changes made to ion flight times and paths. 

Second, corrections may also be derived by statistical analysis of collected ion 
impingement data. Consider, for example, that when the flight cone is spread (i.e., off- 
axis ions wiU be pulled fiuther off-axis), the density of ion impingements of ion 
impingements in the radial direction, outwardly fi^om the center of the flight cone, will 
generally be reduced ftom the case of an unspread flight cone. Similarly, when the flight 
cone is compressed by an accelerating Vi, the density of impingements wiU be greater 
towards the edges of the cone as compared to an unspread flight cone. Thus, statistical 
analysis of the radial variation and density of impingements can assist in providing a 
spread function which compensates for curvature in flight paths. 

Finally, empirical testing can also provide correction fiinctions. By testing 
specimens with well defined/weU known stiiichiies (e.g., tungsten crystals), and 
correlating tiie distorted image captured by the detector 202 witii a modified flight cone 
B or C to the standard image that would otherwise be collected by a conventional flight 
cone A, correction fimctions may be derived to compensate for flight path modifications. 



■12- 



wo 2004/111604 



PCT/US2004/016590 



The geometry of the tubular intermediate electrode 206 is an important factor in 
effecting modification in field of view, and an appropriate shape which will effect the 
desired spread may be determined by computer modeling and electrostatic analysis. If 
the intermediate electrode 206 simply takes the form of an apertured plate (or apertured 
plate-like structure), as in U.S. Patent 5,440,124 and Intemational PubUcation WO 
99/14793, the change in spread of the flight cone wiU be minor or n^Ugible. A basic 
version of the intermediate electrode 206 involves a frustoconical tube. It is also 
generaUy useful to situate the intermediate electrode 206 as close as possible to the local 
electrode 204 (with limitations in spacing being largely dependent on the need to 
electrically isolate the local electrode 204 and the intermediate electrode 206). 

PIG. 3 then illustrates another exemplary atom probe, which is generally depicted 
by the reference numeral 300. This version 300 corresponds to conventional 
arrangements (such as that shown in FIG. 1) in several respects. A specimen 10 is 
provided on a specimen mount 12, which charges the specimen 10 to some datum 
potential Vs. A local electrode 302 is charged to some attractive potential Vie (i.e. , more 
n^ative than a positive Vs) , and an overvoltage Vo is then periodically appUed to induce 
ion evaporation from the specimen 10. Evaporated ions impinge on the detector 304 to 
generate data whereby an image of the specimen 10 may be reconstructed, with time of 
flight data providing information on ion/atom identity. 

An intermediate electrode 306 is also provided, similarly to arrangements such as 
those in Intemational Pubhcation WO 99/14793 and U.S. Patent 5,440,124. As noted 
in WO 99/14793 (e.g. , at page 7, lines 4-19), such an intermediate electrode 306 may be 
set at an attractive potential (e.g., Vi = Vie) such that the velocity of ions emitted from 
the specimen 10 is largely decoupled from the overvoltage pulse Vo. This reduces the 
spread of ion kinetic energies associated with the time^varying ampUtude inherent in the 
overvoltage pulse Vo. 
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If operated in the standard arrangement, the atom probe 300 results in a flight 
cone A incident on the detector 304. However, the intermediate electrode 306 may also 

be used asafflteiing electrode to reduce detection of spurious ions from the specimenlO. 
Spurious ion emission can occur for several reasons. As one example, ion evaporation 
from the specimen 10 may occasionally occur in the absence of an overvoltage pulse Vo. 
As another example, tramp gas - gas remaining in the atom probe chamber after purging 
- commonly impinges upon the specimen 10, and is then ionized to eject towards the 
detector 304. These events can cause seemingly erroneous detector readings because the 
particle strikes on the detector 304 may not be coupled to the timing of overvoltage pulses 
Vo at the local electrode 302, and thus their true time of flight is uncertain. The 
impingement of such spurious ions often results in a continuous "noise floor" in the 
detector data 304 which may obscure the presence of low-concentration species in the 
specim^ 10. 

To reduce detection of spurious ions from the specimen 10, the intermediate 
electrode 306 may be charged such that 0 ^ Vi - Vs < Vie - Vs, i.e., the intermediate 
electrode 306 either has a less attractive potential than the local electrode 302 or has a 
repelling potential. A particularly preferred arrangement is to set the potential Vi of the 
intermediateelectrode306at(orabout)thespecimenpotential Vs. Thus, an ion properly 
evaporated during the ^Ucation of the overvoltage Vo will have a potential equal to 
I Vs| +k| Vol (where k is between 0 and 1, depending on the geometry of the local 
electrode 302) after leaving the local electrode 302. This ion will be decelerated by the 
intermediate electrode 306, slowing the ion by an amount corresponding to the potential 
I Vs I , but will stm retain a potential of k | Vo | , aUowing it to continue on to the detector 
304. Spurious ions do not possess the potential associated with the overvoltage Vo and 
so leave the specimen 10 with a potential equal to |Vs| . As such ions approach the 
intermediate dectrode 306. they are slowed by the potential |Vo| and will not be able 
to reach the detector 304. 
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Turning then to flG. 4, another exemplary atom probe 400 is shown which in 
essence combines features of the foregoing versions 200 and 300. As in prior 
arrangements, the specimen 10 is provided on a specimen mount 12 which charges the 
specimen 10 to some datum voltage Vs. A local electrode 402 is set at an attractive 
potential Vie, with a periodic attractive overvoltage Vo being appUed to induce sequential 
evaporation of ions from the specimen 10 towards a detector 404. The detector 404 is 
connected to a positioning stage 406 to allow some degree of adjustment of its field of 
view. 

A first intermediate electrode 408 is here used as a filtering intermediate electrode 
which appHes a flitting potential (here designated VI), as in the atom probe 300, to 
reduce the detection of spurious ions. Whereas the filtering intermediate electrode 306 
described with respect to version 300 (FIG. 3) of the invention was depicted as having 
a conventional apertured plate-like form, the filtering intermediate electrode 408 is here 
shown as having a frustoconical tubular form Avith an elongated interior passage oriented 
along the axis of the (nominal/unaltered) flight cone A. Thus, a possible path for 
spurious ions rejected by the filtering intermediate electrode 408 is iUustrated at B. An 
enhancement is provided in the form of a screen 410, which extraids across the interior 
passage of the filtering intermediate electrode 408 to better distribute its electric field 
across the diameter of the flight cone. Such screen preferably takes the form of an 
electroformed metal mesh, or other radiating members having a high proportion of free 
space (typicaUy >l 93 %) in relation to the diameter of its constituent members, whereby 
ion flight passage is not significantly inhibited. 

The filtering potential wiU also decelerate desired ions, resulting in their spread 
as shown at C\ This can be corrected by use of a second intermediate electrode 412, 
which is used as a flight modification intermediate electrode as in the atom probe 200. 
By applying an appropriate attractive potential Vi at the flight modification intermediate 
electrode 412, the desired ions can be reaccelerated within the length of the electrode 412 
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to modify their flight path as shown at C**, ultimately resulting in flight cone C. While 
the second intermediate electrode 412 is depicted as having a tubular geometry of uniform 
diameter, it too may be formed as a tube having a frustoconical or other shape. 

The foregoing uses of the filtering intermediate electrode 408 and/or the flight 
modification intermediate electrode 412 aUow achievement of both of the aforementioned 
benefits of noise reduction and field of view modification. Since modification of the 
fUght cone (and thus the field of view) wiU also depend on the location along the flight 
cone at which flight modification occurs, the intermediate electrodes 412 and 408 may 
be provided with positioning stages 414 and 416 as well to allow further versatiUty in 
field of view modification. 

The foregoing version 400 is also beneficial in that either or both of the 
intermediate electrodes 408 and 412 may be operated as flight modification intermediate 
electrodes, or as filtering intermediate electrodes, by appUcation of the appropriate 
constant or periodic potentials to the electrodes. When the intermediate electrodes 408 
and 412 are appropriately configured, they may be provided in a telescoping arrangement 
or other arrangement wherein.one of the electrodes is at least partially situated within the 
other, thereby addressing space issues (particularly where the positioning stage 406 is 
used) and fiirther enhancing the versatility of the filtration/flight modification effects that 
can be achieved by the electrodes. 

The various preferred versions of the invention are shown and described above to 
iUustrate different possible features of the invention and the varying ways in which these 
features may be combined. Apart from combining the different features of the foregoing 
versions in varying ways, other modifications are also considered to be within the scope 
of the invention. Following is an exemplary list of such modifications. 
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First, whUe the intermediate electrode 206 of FIG. 2 was characterized as having 
a tubular form, this does not require that an intermediate electrode 206 take the form of 
a circular tube in order to effect changes in field of view. Tubes of other shapes - such 
as conical tubes, or tubes having other variations in their diameters along their length, or 
even tubes having non-circular diameters (e.g. , polygonal cross-sections) - are possible. 
However, it must be kept in mind that the complexity of the electric field emitted by the 
intermediate electrode 206 will generally increase as its shape grows more complex, and 
this wiU affect the complexity of the data analysis needed to properly intrapret the data 
from the detector 202. 

Second, while the foregoing versions of the invention illustrate atom probes with 
a single flight path modification intermediate electrode, a single filtering intermediate 
electrode, or a combination of the foregoing, it should be understood that more than one 
of either type of electrode may be used. In particular, multiple flight path modification 
intermediate electrodes arrayed in sequence along a flight path may be useful. 

Third, while the foregoing versions of the invention illustrate repositioning of any 
one or more of the detector, the flight path modification intermediate electrode, and the 
filtering intermediate electrode, it is also possible to attain fijrther modification of field 
of view (and of associated properties such as magnification and sampling depth) by 
repositioning the specimen along the axis of the flight cone. Repositioning of specimens 
in planes perpendicular to the axis of the flight cone is known (see, e.g. , International 
PubUcation WO 99/14793 at page 8 lines 16-26); however, as discussed therein (and in 
U.S. Patent 5,440,124 at column 9 lines 38-44), a more conventional arrangemait is to 
laterally reposition the local electrode, detector, and any intermediate electrodes with 
respect to the specimen mount. This is owing to practical difficulties in repositioning the 
specimen, which is generally already r^sitioned on gimbals (which allow rotation of the 
specimen to expose desired feces to the local electrode) and which is also generaUy 
associated with cryogenic cooling equipment. Owing to the bulk of the gimbals and 
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cooling equipment, it is usuaUy difficult to practically reposition the specimen mount in 
the lateral planes about the axis of the flight cone. However, such an arrangement is 
achievable, and it is similarly possible to reposition the specimen mount in directions 
parallel to the flight cone axis as well. 

The invention is not intended to be Umited to the preferred versions of the 
invention described above, but rather is intended to be limited only by the claims set out 
below. Thus, the invention, encompasses all different versions that fall UteraUy or 
equivalentiy within tiie scope of these claims. 
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